of hyperkalemia, such as older patients, patients with diabetes mellitus or chronic kidney disease, and patients using other renin-angiotensinaldosterone system antagonists. [7] [8] [9] Highrisk patients, women, and patients in minority racial and ethnic groups are typically underrepresented in clinical trials, whereas patients who are generally adherent to therapy and follow-up tests are more likely to participate in trials. 10 In response to questions about the effectiveness and safety of heart failure therapies in clinical practice, we designed the Comparative Effectiveness of Therapies for Heart Failure (COM-PARE-HF) program using a national clinical registry linked to Medicare claims data to examine the clinical effectiveness of therapies such as aldosterone antagonists and associations with long-term outcomes of older patients discharged from a hospitalization for heart failure. 11
METHODS

Data Sources
Data for this study included clinical data from the American Heart Association's Get With the Guidelines-Heart Failure registry and Medicare claims data from the US Centers for Medicare & Medicaid Services. The registry is an ongoing web-based registry established to improve care for patients hospitalized with heart failure. It succeeded the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure registry. Details of the registry have been described previously. 12 Patients are eligible if they are hospitalized with a primary diagnosis of heart failure or develop significant heart failure symptoms during a hospitalization for which heart failure was not the reason for admission. Heart failure diagnoses are identified with International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 402.x1, 404.x1, 404.x3, and 428.x. The registry contains patient demographic characteristics, medical history, results of admission labora-tory tests and examinations, contraindications for medications, and discharge medications. Outcome Sciences Inc (Cambridge, Massachusetts) is the data collection coordination center for the Get With the Guidelines-Heart Failure program. The Duke Clinical Research Institute serves as the data analysis center and has an agreement to analyze the aggregate deidentified data for research purposes.
The Medicare data include the 100% Medicare inpatient claims files and the corresponding denominator files for 2005 through 2010. The inpatient files contain institutional claims for facility costs covered under Medicare Part A and encrypted beneficiary identifiers, admission and discharge dates, dates of service, diagnosis related groups (DRGs), ICD-9-CM diagnosis and procedure codes, reimbursement amounts, hospital providers, and beneficiary demographic information. The denominator files include encrypted beneficiary identifiers, dates of birth, sex, race/ethnicity, dates of death, and information about program eligibility and enrollment.
We linked the registry data to the claims data using indirect identifiershospital identifier, admission date, discharge date, sex, and either birth date or month and year of birth. 13 Combinations of these identifiers are almost always unique, enabling the identification of registry hospitalizations in Medicare claims. For patients with multiple hospitalizations in the registry, we selected the first hospitalization for the analysis. After linking the data, we used Medicare beneficiary identifiers to obtain subsequent events for beneficiaries with eligible hospitalizations.
The institutional review board of the Duke University Health System approved the study.
Study Cohort
In the linked data set, we identified patients 65 years or older who were discharged alive between January 1, 2005, and December 31, 2009, and were enrolled in fee-for-service Medicare. Consistent with guideline recommenda-tions, 1 we required that patients were discharged home and had a documented history of heart failure before the index hospitalization. We also required patients to be eligible for aldosterone antagonist therapy, which we defined on the basis of registry documentation of left ventricular ejection fraction of 35% or less or a qualitative description of moderate or severe left ventricular systolic dysfunction; serum creatinine level at admission of 2.5 mg/dL or less in men and 2.0 mg/dL or less (to convert to micromoles per liter, multiply by 88.4) in women; and no documented contraindications to therapy. We did not include serum potassium level in the eligibility criteria, unless hyperkalemia was a documented contraindication to aldosterone antagonist use, because potassium levels were not collected in the registry until 2008. To minimize bias, we further required that patients had not previously received aldosterone antagonist therapy before the index hospitalization. 14 We defined the date of cohort entry as the date of discharge from the index hospitalization.
Treatment
The treatment of interest was aldosterone antagonist therapy prescribed at discharge, as recorded in the registry. The treated group included all patients who received the prescription at discharge from the index hospitalization; the untreated group included all other patients in the study population.
Outcomes
The outcomes of interest were allcause mortality, cardiovascular readmission, and heart failure readmission at 3 years and hyperkalemia readmission at 30 days and 1 year. We determined all-cause mortality on the basis of death dates in the Medicare denominator files, and we determined readmission on the basis of Medicare inpatient claims. We defined cardiovascular readmission using DRGs 104-112, 115-118, 121-145, 479, 514-518, 525-527, 535, 536, and 547-558 be-fore October 1, 2007 , and codes 215-238, 242-254, 258-262, and 280-316 on  or after October 1, 2007. 15 We defined heart failure readmission using DRG 127 before October 1, 2007 , and 291-293 on or after October 1, 2007. We defined readmission for hyperkalemia using ICD-9-CM diagnosis code 276.7 in the primary position on an inpatient claim as the primary outcome and in any position as the secondary outcome. In post hoc analyses, we further categorized the reasons for cardiovascular readmissions as heart failure (DRG 127 before The follow-up period for all events was 3 years after discharge from the index hospitalization; days to events were calculated from the date of discharge. For patients who did not experience an event, we defined a censoring date as the earliest of (1) 30 days, 1 year, or 3 years after discharge, depending on the outcome; (2) the end of the period for which data were available (December 31, 2010); or (3) the date on which the patient's data were no longer available because the patient enrolled in a Medicare managed care plan. For the readmission outcomes, we treated death as a competing risk.
Subgroups
Subgroups of interest included age, sex, race/ethnicity, etiology of heart failure, and the presence or absence of diabetes mellitus, use of digoxin, and B-type natriuretic peptide level, all of which we ascertained from the registry.
Covariates
Covariates from the registry data included demographic characteristics (ie, age, sex, race/ethnicity); medical history (ie, anemia, atrial fibrillation, chronic obstructive pulmonary disease, depression, diabetes mellitus, heart failure with ischemic etiology, hyperlipidemia, hypertension, pacemaker, peripheral vascular disease, cerebrovascular accident or transient ischemic attack, renal insufficiency, and smoking in the previous year); results of admission laboratory tests (ie, left ventricular ejection fraction, blood urea nitrogen, and serum creatinine); vital signs at admission (ie, heart rate, respiratory rate, and systolic blood pressure); and discharge medications (ie, angiotensin-converting enzyme [ACE] inhibitor, aldosterone antagonist, angiotensin II receptor blocker [ARB], ␤-blocker, digoxin, diuretic, lipidlowering agent, and warfarin). From the Medicare claims, we used Hierarchical Condition Category (HCC) codes for the index admission to define protein-calorie malnutrition (code 21), dementia (codes 49-50), disability (ie, paraplegia, 68; spinal cord disorders/ injuries, 69; hemiplegia/hemiparesis, 100; paralysis, 101; speech, language, cognitive, and perceptual deficits, 102; and amputation and complications, 177 and 178), major psychiatric disorders (codes 54, 55, and 56), and chronic liver disease (codes 25, 26, and 27). 16 
Statistical Analysis
We describe the baseline characteristics of the study population using frequencies with percentages for categorical variables and means with SDs for continuous variables. We tested for differences between treatment groups using 2 tests for categorical variables and t tests for continuous variables. In addition, we compared treatment groups using standardized differences, calculated as the difference in means or proportions divided by a pooled estimate of the SD. 17, 18 Compared with traditional significance testing, standardized differences are not as sensitive to sample size and are useful in identifying meaningful differences. Typically, a standardized difference greater than 0.1 is considered meaningful. 17 To describe observed outcomes, we compared the unadjusted cumulative incidence of each outcome at 30 days, 1 year, or 3 years after discharge between treatment groups, depending on the outcome. For mortality, we used the Kaplan-Meier method to estimate cumulative incidence and log-rank tests to assess differences between groups. For the readmission outcomes, we estimated cumulative incidence using the cumulative incidence function, which accounts for the competing risk of mortality, and we used Gray tests to assess differences between groups. 19 To address confounding by observed covariates, we used inverse probability of treatment weighting methods, a type of propensity score analysis. Weights are based on results from a treatment selection model, estimated using logistic regression with receipt of aldosterone antagonist therapy as the dependent variable and the baseline characteristics-age, sex, race/ ethnicity, anemia, atrial fibrillation, cerebrovascular accident, chronic obstructive pulmonary disease, depression, diabetes mellitus, hyperlipidemia, hypertension, ischemic etiology, pacemaker, peripheral vascular disease, renal insufficiency, smoking in the past year, claims-based history at admission (chronic liver disease, dementia, disability, malnutrition, psychiatric disorder), heart rate, respiratory rate, systolic blood pressure, left ventricular ejection fraction, serum creatinine, and serum urea nitrogen-as independent variables. The weights for each patient were calculated as the inverse of the probability of receiving the treatment the patient actually received conditional on observed covariates. 20 After weighting, we assessed the balance of baseline characteristics between treatment groups using 2 tests for categorical variables and t tests for continuous variables and by calculating standard differences. 18 To estimate the association of treatment with each outcome, we used 3 Cox proportional hazards models. First, we estimated the unadjusted associations using models in which the treatment group was the only variable. Second, we applied the patient weights when modeling to estimate the inverse-weighted association between treatment and outcome. Again, treatment group was the only variable in the model. Finally, we estimated the weighted Cox model, additionally controlling for medical therapies at discharge-ACE inhibitor or ARB, ␤-blocker, and digoxin-because these medications were determined after treatment assignment. Significance tests and confidence intervals for estimates from all models were based on robust standard errors to account for the clustering of patients by hospital. For this analysis, we report hazard ratios and 95% CIs. We used ␣=.05 to determine statistical significance, and all tests were 2-sided. In addition to estimating overall treatment effects, we estimated the associations of aldosterone antagonist therapy in prespecified subgroups by adding a subgroup variable and an interaction term between the subgroup variable and the treatment indicator to the models. We assessed differences between subgroups by testing the significance of the interaction term. We estimated the treatment associations in each subgroup using model contrasts. Because of the multiple comparisons in this analysis, we report 99% CIs and used ␣ = .01 to establish statistical significance. All tests were 2-sided.
Because the discharge prescription flag recorded in the Get With the Guidelines-Heart Failure registry was not a perfect measure of exposure to aldosterone antagonist therapy, we per-formed a sensitivity analysis using Medicare prescription drug event data available for a subset of the study population. The analysis included patients discharged between January 1, 2006, and December 31, 2009, who were enrolled in Medicare Part D. We used a person-time approach to define treatment group. 21 We defined the time between hospital discharge and the date of the first aldosterone antagonist pre- scription as immortal person-time and classified it as unexposed. We classified subsequent follow-up time as exposed. We classified all other patients as unexposed.
We used SAS version 9.2 (SAS Institute Inc) for all analyses.
RESULTS
In the linked data set, we identified 40 744 patients 65 years or older who were discharged alive during the study period and were enrolled in fee-for-service Medicare. A total of 25 064 patients were discharged home with a documented history of heart failure; 7553 of these were eligible for aldosterone antagonist therapy, 5887 of whom had not been treated previously. Of the 5887 patients who met the inclusion criteria from 246 hospitals, 1070 received a prescription for an aldosterone antagonist at discharge. Compared with patients who did not meet the inclusion criteria, patients in the analysis cohort were younger (77.3 vs 80.3 years) and were more likely to be men (63.8% vs 41.3%) and to have ischemic heart failure (74.2% vs 59.5%; PϽ .001 for all comparisons). TABLE 1 shows the baseline characteristics of the study population. Patients in the treated group were younger, had a lower degree of renal insufficiency, had lower left ventricular ejection fraction, and were more likely to receive digoxin and loop diuretics. Patients in the untreated group were more likely to have ischemic heart dis-ease and were less likely to receive other evidence-based therapies for heart failure, such as ACE inhibitors or ARBs. TABLE 2 and the FIGURE show the observed cumulative incidence of the study outcomes. Rates of all-cause mortality (49.9% vs 51.2%; P=.62) and cardiovascular readmission (63.8% vs 63.9%; P=.65) were similar between the treatment groups at 3 years. The cumulative incidence rates of arrhythmia (5.4% vs 3.9%; P = .05) and elective readmission for an arrhythmia control device (6.5% vs 4.2%; P=.002) were higher for the treated group. In contrast, the cumulative incidence of the first heart failure readmission was significantly lower in the treated group (38.7% vs 44.9%; P Ͻ .001). The hyperkalemia readmission rates at 30 days The y-axis scale shown in blue indicates the range from 0% to 10%.
ALDOSTERONE ANTAGONIST THERAPY AND RISK OF MORTALITY (2.9% vs 1.2%; P Ͻ .001) and 1 year (8.9% vs 6.3%; P = .002) were higher in the treated group; however, hyperkalemia was seldom the primary diagnosis for these readmissions, and the absolute increase in hyperkalemia as a primary diagnosis was small. TABLE 3 shows the baseline characteristics of the study population after application of inverse probability weights. eTable 1, available at http: //www.jama.com, shows the results of the treatment selection model. There were no significant differences between groups, except that patients in the treated group were more likely to be discharged with ACE inhibitors or ARBs, diuretics, and digoxin. TABLE 4 shows the estimated associations between aldosterone antagonist therapy and the study outcomes. In the unadjusted analysis, treatment was associated with a lower hazard of heart failure readmission but a higher hazard of hyperkalemia readmission, arrhythmia readmission, and readmission for an elective arrhythmia control device. After inverse weighting for the probability of treatment, there were no significant differences in the hazards of all-cause mortality or cardiovascular readmission. However, the hazard of heart failure readmission was significantly lower in the treated group in the inverse probability-weighted analysis. Finally, readmission associated with hyperkalemia was higher with aldosterone antagonist therapy within 30 days after discharge (2.54; 95% CI, 1.51-4.29; PϽ .001) and within 1 year after discharge (1.50; 95% CI, 1.23-1.84; PϽ.001). The results were similar after further adjustment for prescription of other medications at discharge.
In subgroup analyses (eTable 2), patients older than 80 years in the aldosterone antagonist treatment group had a lower risk of death. For cardiovascular and heart failure readmission, there was a significantly lower adjusted risk in patients 80 years and older in the treated group. In the subgroup of patients treated with digoxin, there were trends toward aldosterone antagonist ef-fectiveness for cardiovascular readmission; the interaction term between aldosterone antagonist therapy and digoxin was statistically significant. Otherwise, there were no significant subgroup interactions in the riskadjusted results. In the sensitivity analysis among patients with a Medicare Part D claim (eTable 3), the results were similar to those in the primary analysis, but the CIs were wider because of the smaller sample size.
COMMENT
Ours is among the largest clinical effectiveness studies of aldosterone antagonist therapy in eligible older patients hospitalized with heart failure and reduced ejection fraction. Overall, we found no significant differences in mortality or cardiovascular readmission between treated and untreated patients after adjustment for propensity of use, risk factors, and use of other medications. However, we found a significantly lower risk for first readmission for heart failure among treated patients. Treated patients had a higher risk of readmission with hyperkalemia, primarily in the first few weeks after discharge from the index hospitalization.
Although the pivotal efficacy trials and a systematic review of randomized trials reported impressive benefits of aldosterone antagonist therapy, questions remain about how well those benefits translate into clinical practice. 2, 3, 22 Observational comparative effectiveness research may have an important role in informing clinical decision making when gaps in evidence exist. 23 Patient populations, monitoring, and procedures in clinical trial settings differ from those in clinical practice settings, and understanding whether real-world effectiveness matches the efficacy demonstrated in clinical trials is an important element in a continuously learning health care system. 10 In addition, there remains persistent exclusion of older patients and those with some comorbid conditions from clinical trials. 24 By using a large national registry of patients hospitalized with heart failure, our analysis provides insight into the effectiveness of aldosterone antagonist therapy in clinical practice among older patients, many of whom have multiple comorbid conditions and are underrepresented in clinical trials.
Our study differs from the 3 pivotal efficacy trials of aldosterone antagonists in several ways. 2, 3, 25 The study was observational and therefore is subject to confounding. The population was from a hospitalized cohort of patients who were significantly older and more likely to have renal impairment, diabetes mellitus, and other comorbid conditions. The clinical trials had rigorous follow-up to ensure adherence to medical therapy, as well as close ambulatory follow-up to detect hyperkalemia. In trials, patients and their physicians are encouraged to maintain adherence and nonstudy aldosterone use is discouraged. The general quality of the sites and treating physicians in the trials may have differed from those participating in our inclusive community registry. Despite these differences, the 3-year mortality rate of 51.0% that we observed is similar to the rate observed in the Randomized Aldactone Evaluation Study. 3 However, the risk-adjusted effectiveness of aldosterone antagonist therapy in our study did not mirror the findings of the efficacy studies, with the exception of the higher risk of hyperkalemia.
A potential explanation for our findings is that aldosterone antagonists have limited effectiveness regarding mortality in real-world settings among older patients. One potential reason for limited effectiveness may be a lack of adherence to or persistence with therapy. However, an analysis of medication persistence in a similar cohort of patients enrolled in Medicare Part D found a comparatively high persistence rate (L.H.C., unpublished data, 2012). Another potential reason for limited effectiveness may be that aldosterone antagonists are less effective and less safe as dosed and monitored in clinical practice. Previous studies have suggested higher rates of hyperkalemia and renal insufficiency in clinical practice than in clinical trials. 9 Moreover, many patients with heart failure who begin aldosterone antagonist therapy in clinical practice do not undergo monitoring consistent with guideline recommendations. 1 Excess risks associated with undetected hyperkalemia and worsened renal function may have offset the mortality benefit of aldosterone antagonist therapy in our study population. Alternative explanations for the differences between our observations and previous findings include unmeasured confounding, residual confounding, and selection bias. Guidelines only recommend aldosterone antagonist therapy for patients with moderate to severe heart failure symptoms; therefore, there may have been treatment-selection bias for which we could not adequately adjust. Even after we applied inverse probability weights, treated patients were more likely than untreated patients to receive digoxin at discharge-another therapy that is differentially prescribed to patients with more severe heart failure. Abbreviation: HR, hazard ratio. a From Cox proportional hazards models comparing aldosterone antagonist therapy at discharge with no aldosterone antagonist therapy at discharge. b After adjustment for prescription of angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, ␤-blocker, or digoxin. c Subcategorization of cardiovascular readmission refers to the first readmission. Observational studies have produced mixed results regarding associations between aldosterone antagonist therapy and outcomes. An analysis of data from the Registry to Improve the Use of Evidence-Based Heart Failure Therapies in the Outpatient Setting found nonsignificant higher odds of mortality at 2 years with aldosterone antagonist therapy. A nested casecontrol analysis from the same registry found no difference in risk-adjusted mortality. 26, 27 In contrast, a study of 946 patients hospitalized in Japan with heart failure and reduced ejection fraction found a nearly 40% lower risk of mortality with aldosterone antagonist therapy. 28 A hospital-level analysis of Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure data linked to Medicare claims-which may have been better able to limit confoundingsuggested a benefit with greater use of aldosterone antagonists at hospital discharge. 29 Each of these studies differed from our study in important ways with regard to study population or methodology.
Our findings highlight the importance of conducting clinical trials that can be easily generalized to real-world practice and in which the most vulnerable patient groups are well represented. In clinical practice, rigorous protocols for aldosterone antagonist therapy could be established to ensure appropriate patient selection, correct dosing, and early follow-up visits to screen for hyperkalemia. Periodic assessment for medication adherence is also important. Developing protocols and systems that encourage optimal use and monitoring of aldosterone antagonist therapy may help to ensure that the effectiveness of this therapy in clinical practice approaches the efficacy achieved in clinical trials.
Consistent with best-practice guidelines for comparative effectiveness research, our study included a priori specifications of objectives and design, 30, 31 and the study design underwent independent peer review. 11 Nevertheless, our study has some limitations. We could not eliminate the possibility of selection bias and residual confounding. 32 Several clinical variables that are likely to be associated with aldosterone antagonist use and clinical outcomes were not available, including New York Heart Association functional classification, symptom severity, degree of congestion, stability of renal function, and dosing of loop diuretics. We also could not account for socioeconomic status, educational level, and health literacy. The population consisted of older patients enrolled in fee-for-service Medicare, so the findings may not be generalizable to all patients with heart failure and reduced ejection fraction. Finally, the Get With the Guidelines-Heart Failure registry is a voluntary quality-improvement program and may not be representative of all hospitals.
CONCLUSIONS
In this study, initiation of aldosterone antagonist therapy at hospital discharge was not independently associated with improved mortality or cardiovascular readmission among eligible older patients with heart failure and reduced ejection fraction but was associated with a modest reduction in the risk of hospitalization for heart failure. There was a slight absolute increase in readmission with hyperkalemia as the primary diagnosis, and there was a significant increase in readmission risk with hyperkalemia as with any diagnosis early after hospital discharge. Strict protocols for careful monitoring and early follow-up after initiation of aldosterone antagonist therapy are needed. Additional research is needed to evaluate the clinical effectiveness of aldosterone antagonists in the broad population of patients with heart failure and to identify strategies to overcome disparities between findings of clinical efficacy and clinical effectiveness.
